Reversible dissociation and unfolding of dimeric creatine kinase isoenzyme MM in guanidine hydrochloride and urea.
The unfolding of dimeric cytoplasmic creatine kinase (MM) by guanidine hydrochloride and by urea has been investigated using activity measurements, far-ultraviolet circular dichroism, sedimentation velocity and fluorescence energy transfer experiments to monitor global structural changes. Intrinsic (cysteine and tryptophan residues) and extrinsic probes (1-anilinonaphthalene-8-sulfonate) were also used. The reversibility of the unfolding was checked by monitoring activity and tryptophan fluorescence. The unfolding of creatine kinase in guanidine hydrochloride is a reversible multistep process, as suggested by the non-coincidence of denaturation curves at equilibrium. Inactivation of the dimer precedes its dissociation into two monomers and an intermediate state was identified during the unfolding of the monomer. This intermediate state is characterized by a relatively high degree of secondary structure (as shown by far-ultraviolet circular dichroism), of compactness (as shown by fluorescence energy transfer measurements and sedimentation experiments), a fluctuating tertiary structure (as shown by near-ultraviolet circular dichroism) and a strong affinity for anilinonaphthalene sulfonate (as demonstrated by fluorescence). These results clearly indicate that the intermediate state detected possesses some of the properties of a molten globule. In urea, the unfolding pathway is reversible but differs from that observed in guanidine hydrochloride. Indeed inactivation, dissociation and loss of tertiary structure are coincident but the ellipticity curve is slightly shifted to a higher urea concentration. The dimer is dissociated into two expanded monomers possessing some secondary structure which is progressively lost at a higher urea concentration (6.4M). These results show that guanidine hydrochloride is approximately six times more effective than urea for inactivation and dissociation, underlining the fact that electrostatic interactions are very important in the stabilization of the active site and of the dimeric state.